Background-Certificate of need (CON) regulation was introduced to control healthcare costs and improve quality of care in part by limiting the number of facilities providing complex medical care. Our objective was to examine whether rates of appropriate cardiac catheterization after admission for acute myocardial infarction varied between states with and without CON regulation of cardiac catheterization. 
it soon thereafter. During the 1990s, CON regulation was eliminated in 7 other states. Missouri eliminated CON regulation in 2003 and Florida in 2004, and the merits of CON regulation are being actively debated in several states, including Virginia and Vermont, as well as the District of Columbia. 2 Currently, 37 states have CON regulations. 3 The Federal Trade Commission and the Department of Justice recently called for the complete elimination of CON regulation, citing its failure to contain healthcare costs and its anticompetitive risks. 4 Because CON regulation is not associated with substantially restrained healthcare costs, 5, 6 the reluctance to maintain CON regulation may be partly because research examining its effect on healthcare quality has found inconsistent results.
Clinical Perspective p 1019
The earliest study demonstrated an association between CON regulation and increased mortality for several medical and surgical conditions. 7 Subsequent research has focused primarily on cardiac procedures, and these studies show that states with CON regulation are more likely to have patients treated at higher-volume centers, 8 -11 which may indicate higher-quality care. 12 However, CON regulation of either CABG surgery or cardiac catheterization has only been associated with lower mortality in 1 study 11 and not in 4 others. 8 -10,13 Moreover, CON regulation has been associated with lower early revascularization rates after acute myocardial infarction (AMI), 10 which may indicate lower-quality care given the beneficial effects of acute revascularization, 14 and similar nonacute revascularization rates.
Given these described differences in revascularization rates between states with and without CON regulation, 10 along with the wide variations in cardiac procedure use across different areas within the United States, 15 examining procedure appropriateness is critical to understanding the impact of a policy that limits the number of facilities that provide a procedure, because it may affect the rates of both more and less appropriate care delivered. For instance, as has been suggested, 10, 16 without CON regulation to limit facilities, market forces may increase the use of revascularizations among less appropriate patients who derive little benefit. Conversely, limiting facilities and thereby concentrating patients at higher-volume centers may reduce the pressure to maintain facility volumes, which would reduce the likelihood that less appropriate patients would be referred for revascularization.
Our objective was to examine whether rates of appropriate catheterization after admission for AMI varied between states with and without CON regulation of cardiac catheterization. Our hypothesis was that CON regulation would be associated with lower rates of catheterization among patients with equivocal and weak indications but equal or higher rates among those with strong indications. We used the Cooperative Cardiovascular Project (CCP), medical record data abstracted for Medicare beneficiaries hospitalized with AMI between 1994 and 1996, which provided a unique opportunity to use a large, nationally representative database that permits comparison of state policies while also providing detailed clinical information that allows determination of procedure appropriateness. [17] [18] [19] Moreover, CCP data were collected shortly before the discontinuation of CON regulation in several states, which enabled the examination of a more diverse group of state programs than would be possible today.
Methods

CCP and the Study Cohort
CCP has been described elsewhere in detail. 20 Briefly, the medical records of all Medicare patients hospitalized with a primary discharge diagnosis of AMI (International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM] code 410.X, with the exception of readmission code 410.X2) 21 were abstracted, by state, for an 8-month period between January 1994 and February 1996. Among the 234 769 hospitalizations in CCP, we excluded patients younger than 65 years of age (nϭ17 593) or without a chart-confirmed AMI (nϭ31 186). Patients were sorted by admission date and readmissions were excluded (nϭ23 773). In addition, we excluded patients who were transferred during their hospitalization for whom index hospitalization information was not available (nϭ14 943); patients who were transferred and for whom index hospitalization information was available were assigned to the hospital in which they were initially hospitalized, a method suggested for hospital performance research. 22 We also excluded patients for whom American Hospital Association (nϭ2363), American Medical Association (nϭ6796), 1990 US Census (nϭ10 810), or Medicare Part A (nϭ34 187) data were not available. Finally, we excluded 1765 patients hospitalized outside of the United States, 77 patients discharged after the study period, and 325 patients with unknown mortality status. A total of 97 490 patients met 1 or more of these criteria; the remaining 137 279 patients constitute the study cohort.
CON Regulation
Information about states' CON regulation was obtained from a survey of state regulators contracted through the American Health Planning Association. Individual states and the District of Columbia were categorized according to whether state laws required CON regulation of cardiac catheterization from 1994 through 1996. Regulation was present for 32 states and absent in 19. Nevada, North Dakota, and Oregon all discontinued CON regulation in 1995, after CCP data collection in each state, and so were included among states with regulation present.
Cardiac Catheterization Use
The principal outcome was use of cardiac catheterization within 60 days of hospital admission, as determined by evaluating the hospital medical record and Medicare Part A billing records for ICD-9-CM procedure codes associated with cardiac catheterization (37.22, 37.33 , and 88.53 to 88.57).
Cardiac Catheterization Appropriateness
Indications for having cardiac catheterization were evaluated after the acute phase of infarction (Ͼ12 hours after symptom onset). Using the 1996 American College of Cardiology/American Heart Association (ACC/AHA) guidelines 17 and appropriateness criteria previously reported by Guadagnoli and colleagues, 18 we classified patients into 3 groups (Table 1) , as we have done previously. 19 The strong indication group consisted of patients in whom cardiac catheterization was generally recognized as "beneficial, useful, and effective" (ACC/AHA class I). 17 The equivocal group included patients for whom data on the effectiveness of the procedure were unclear (ACC/AHA class IIa [evidence may favor catheterization]; ACC/AHA class IIb [evidence may not favor catheterization]) or patients with uncomplicated AMIs (neither ACC/AHA class I, II, or III). The weak indication group consisted of patients who had conditions for which cardiac catheterization was considered unlikely to be effective (ACC/AHA class III). For patients who met Ͼ1 classification criterion (for example, a patient who had ischemia observed on an exercise stress test and concomitant metastatic cancer), classifications were prioritized by the following order: weak indications, strong indications, and equivocal indications; this was done to maximize specificity among patients classified with strong indications.
Statistical Analysis
We compared states with and without CON regulation of cardiac catheterization for differences in patient sociodemographic characteristics, clinical presentation, past medical history, and comorbid conditions, and physician and hospital characteristics using 2 and t test analyses. In addition, we compared patients in states with and without CON regulation by the appropriateness indications, and we compared states with and without CON regulation by the crude cardiac catheterization rates, both overall and stratified by procedure appropriateness.
We developed 3-level (patient, hospital, and state) hierarchical generalized linear models to compare rates of cardiac catheterization between states with and without CON regulation in the full study cohort and stratified by procedure appropriateness. The baseline model examined the unadjusted association between CON regulation and cardiac catheterization rate.
In the adjusted analyses, the first-level model specification included patient sociodemographic characteristics, clinical presentation, past medical history, and comorbid conditions and physician characteristics. Patient sociodemographic characteristics included age, gender, race, and residential ZIP code measures of income and education, as reported in the 1990 US Census. 23 We accounted for the many clinical presentation characteristics ascertained at admission (Table 2 ). In addition, we based medical history measures on clinical experience and previously identified predictors of procedure use, and we also accounted for other comorbid conditions (Table 2 ). Physician characteristics (Table 2) were derived from the American Medical Association Masterfile. 24 The second-level model specification included hospital characteristics (Table 3) , which we obtained from the 1994 American Hospital Association Survey of Hospitals. 25 Of note, we created 2 different models, 1 including and 1 excluding the variable that defined hospital cardiac procedure availability: none, cardiac catheterization, or cardiac catheterization and CABG surgery. Because CON regulations limit the number of facilities that are authorized to provide cardiac catheterization and CABG surgery, and because a hospital's availability of these cardiac services is associated with their use, 26, 27 adjustment for this variable may mediate the effect of CON regulation.
The third-level model specification included the state-level presence of CON regulation. Hospital-level and state-level random effects, which account for the clustering (nonindependence) of patients within the same hospital and the clustering (nonindependence) of hospitals within the same state, were included in all analyses, unadjusted and adjusted. In addition, for adjusted analyses, missing data were imputed as the population median for continuous variables, assigned as nonpresence for dichotomous variables and considered as a category for categorical variables. Only 2 variables were missing data for Ͼ5% of patients. For left ventricular ejection fraction (35.5% missing), a missing category was created for analyses, whereas for serum albumin (26.6% missing), we categorized those missing data as having Ͼ3 g/dL and also used a dummy variable for the missing data for analyses. To facilitate interpretation of our results, ORs from adjusted analyses were converted to risk ratios (RR) by standard techniques. 28 Statistical analyses were conducted with SAS software, version 9.1 (SAS Institute, Inc, Cary, NC). All statistical tests were 2-tailed.
The authors had full access to the data and take full responsibility for their integrity. All authors have read and agree to the manuscript as written.
Results
Among the 137 279 patients hospitalized for AMI included in the present cohort, 68.5% were in states with CON regulation, the mean age was 77 years, 90.9% were white, and 50.8% were male. Compared with patients in states without CON regulation, patients in states with CON regulation were more likely to be white and female and more likely to have hypertension, diabetes mellitus, heart failure, or previous AMI; however, they were less likely to be admitted by a cardiologist, to be admitted to a public or nonteaching hospital, or to be admitted to a hospital where either catheterization or CABG surgery was available (Table 2) . Indications for catheterization among patients in states with CON regulation were not significantly different than among patients in states without CON regulation; 46.5% had strong indications, 47.5% had equivocal indications, and 6.0% had weak indications, compared with 46.5%, 47.2%, and 6.3%, respectively (Pϭ0.09).
There were 4179 hospitals in the present cohort, 60.2% of which were in states with CON regulation. Hospitals in states with CON regulation had significantly greater AMI volumes, were less likely to have public or for-profit ownership, and were more likely to be teaching hospitals and to have either CABG surgery or catheterization available than hospitals in states without regulation (Table 3) . Crude rates of cardiac catheterization in states with CON regulation were 45.8% overall, 49.9% among patients with strong indications, 45.0% among patients with equivocal indications, and 19.8% among patients with weak indications, whereas in states without CON regulation, rates were 46.5%, 50.3%, 46.0%, and 21.8%, respectively (Table 4) .
In unadjusted analyses, CON regulation was not associated with a significantly lower overall rate of catheterization (RRϭ0.95, 95% CI 0.87 to 1.03, Pϭ0.22; trend toward CON regulation being associated with a lower rate of less appropriate cardiac catheterizations. After adjustment for patient-level and hospital-level characteristics, excluding hospital cardiac procedure availability, there was a significant trend toward CON regulation being associated with a lower rate of less appropriate cardiac catheterizations. CON regulation was associated with a borderline-significant lower overall rate of catheterization (RRϭ0.91, 95% CI 0.82 to 1.00, Pϭ0.06; Table 5 ). Among patients with strong indications, CON regulation was not associated with a significantly lower rate of catheterization (RRϭ0.94, 95% CI 0.86 to 1.02, Pϭ0.17). However, CON regulation was associated with significantly lower rates of catheterization among patients with equivocal (RRϭ0.88, 95% CI 0.78 to 1.00, Pϭ0.05) and weak (RRϭ0.84, 95% CI 0.71 to 0.98, Pϭ0.04) indications.
When we included hospital cardiac procedure availability in the hierarchical models, the associations observed were substantially weakened. CON regulation was no longer associated with a significantly lower overall rate of catheterization (RRϭ0.96, 95% CI 0.88 to 1.03, Pϭ0.27; Table 5 ), nor was CON associated with significantly lower rates of catheterization among patients with strong indications (RRϭ1.00, 95% CI 0.93 to 1.06, Pϭ0.88), among patients with equivocal indications (RRϭ0.92, 95% CI 0.83 to 1.02, Pϭ0.14), or among patients with weak indications (RRϭ0.91, 95% CI 0.79 to 1.05, Pϭ0.21). Finally, we included an interaction term between CON status and cardiac catheterization appropriateness in our fully adjusted analyses, excluding cardiac procedure availability, and found that the relationship between CON regulation and catheterization appropriateness was not significantly different depending on catheterization indication (Pϭ0.14).
Discussion
CON regulation is associated with significantly lower rates of cardiac catheterization 60 days after admission for AMI among Medicare patients with equivocal and weak indications for the procedure and no significant rate difference among patients with strong indications, although the estimate is modestly lower. The lower rate of cardiac catheterization for patients with equivocal or weak indications was eliminated after adjustment for the variable defining hospital availability of cardiac catheterization or CABG surgery, which suggests that CON regulation is associated with a lower rate of cardiac catheterization among patients with equivocal and weak indications because it limits the number of healthcare facilities authorized to provide catheterization services.
On the basis of prior work on the relationship between supply and utilization of cardiac procedures, 26, 27 in addition to a recent study that examined the effect of CON regulation on revascularization rates and mortality, 10 we thought that not only was it likely that limiting facilities via CON regulation would affect where patients receive care, it would also affect which patients received care. The present study supports our hypothesis that CON regulation would be associated with lower rates of catheterization among patients with equivocal and weak indications, which suggests either that physicians do discriminate on the basis of procedure appropriateness when faced with reduced capacity to provide care or that facilities refer fewer lessappropriate patients for catheterization when greater facility volume is ensured.
The present study offers support for the rationale behind the introduction of CON regulation: We found regulation of cardiac catheterization was associated with the continued delivery of more appropriate care after admission for AMI and reduced delivery of less appropriate care. From a policy perspective, increasing more appropriate care and decreasing less appropriate care are considered quality improvements. 29, 30 However, we found substantial underuse of appropriate care, because only 50% of patients with strong indications in states with and without CON regulation received cardiac catheterization after admission for AMI, a rate described in prior work. 31 Therefore, although the present study was consistent with part of our hypothesis, that CON regulation would be associated with lower rates of catheterization among patients with equivocal and weak indications, CON regulation was not associated with higher rates of catheterization among patients with strong indications and may have exacerbated the known underuse of appropriate care. 32 Unexpectedly, we found that a greater proportion of hospitals in states without CON regulation had neither catheterization nor CABG surgery available compared with hospitals in states with regulation; however, a greater proportion of patients in states with CON regulation were admitted to hospitals that had neither catheterization nor CABG surgery available compared with patients in states without regulation, which is consistent with expectations and prior work. 10 This hospital-level finding may be a consequence of state geography, because states without CON regulation are less densely populated than are states with CON regulation (62.4 versus 84.9 persons per square mile), 23 although the proportion of urban hospitals in both groups of states was similar. In addition, a greater number of hospitals exist in states without CON regulation, where the mean number of general hospitals in 1994 was 2.11 per 100 000 residents compared with 1.88 per 100 000 residents in states with CON regulation. 33 This may be because states that have a CON program regulating 1 healthcare service may be more likely to regulate another, such as acute-care hospital beds.
Study Limitations
Although the present study used data from 1994 through 1996 and was limited to a population insured solely by Medicare, our results remain important and relevant to the current health policy debate for multiple reasons. First, it is unlikely that patterns of care were different for Medicare beneficiaries relative to insured adults, because both Medicare and other commercial plans provide substantial reimbursement for cardiac catheterization. However, cardiac catheterization rates among the uninsured may be lower than among the insured, because lack of health insurance is recognized as a major barrier to receiving medical care, even for serious and morbid symptoms. 34 Second, although US healthcare delivery has experienced substantial change since the mid-1990s, we would expect the patterns of care by appropriateness that we found to persist today, even with greater managed-care penetration 18 and regionalization of care. 31 Third, although there was a 31% increase in US cardiac catheterization capacity from 1993 to 1998, 35 the indications for catheterization have only expanded. 36, 37 Moreover, the increased capacity was less than the increase in cardiac catheterization rates †Full adjusted models also account for patient sociodemographic characteristics, clinical presentation, past medical history, and comorbid conditions and physician and hospital characteristics.
among this population, as 1 study demonstrated a 45% increase in rates of cardiac catheterization for Medicare enrollees during this same period, without a corresponding increase in underlying disease rates. 38 Perhaps physicians have been forced to become more discriminating in patient referral for catheterization since the mid-1990s, because they may now be faced with greater absolute but lower relative capacity for care, which may strengthen the effect of CON regulation.
Other issues should be considered when interpreting the present study. Unlike the most recent study of CON regulation that examined overall revascularization after AMI (CABG surgery and catheterization), 10 we only examined cardiac catheterization; however, clear guidelines that can be translated into appropriateness criteria with administrative data exist for cardiac catheterization 17, 18 but not for CABG surgery. In addition, catheterization is a gateway to CABG surgery, so understanding the effect of CON regulation on its use has wider implications. Second, CON regulation of cardiac catheterization is likely to be heterogeneous in character, which may lead to differences in the scope and stringency of the regulation. However, we found different patterns of care in states with and without CON regulation despite this heterogeneity. Third, the observational, crosssectional design can only suggest but not prove a cause-andeffect relationship between CON regulation and use of cardiac catheterization. Finally, any association between CON regulation and use of cardiac catheterization may represent confounding due to other factors that differ systematically according to CON status. Hospital cardiac catheterization capacity, 26, 27 shorter distances between patients' residences and catheterization facilities, 39 and increased diagnostic testing 40 are all determinants of cardiac catheterization after AMI. However, adjustment for these variables may overcontrol for the effect of CON regulation, because these are the processes by which its effects may be mediated. Further research is needed to determine whether these practice patterns vary at least in part because of CON regulation. The present analysis is unique in that it accounted for patient clinical presentation and medical history, along with physician and hospital characteristics, taking advantage of a clinically rich data source and allowing for analytic complexity prohibited by traditional administrative data.
Conclusions
As healthcare leaders promote systems-based solutions to improve healthcare quality, 41 the present study informs policy makers with evidence from a current state regulation that is associated with reduced delivery of less appropriate care and continued delivery of more appropriate care, although not with increased delivery of more appropriate care. The present study suggests that CON regulation is associated with higher quality of care with respect to the use of cardiac catheterization for patients admitted for AMI, which supports part of the rationale behind the program. These benefits should be considered when decisions are made about the future of state CON regulations. 
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